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(57) Abstract: 

PROBLEM TO BE SOLVED: To facilitate the control of 
shapes and to generate various shapes, in which a 
rectangular shape and a smooth shape coexist, by 
operating surface tension and pressure upon a 
three-dimensional shape and performing deformation 
based on their operated results according to a dynamic 
model. 

SOLUTION: In a deformation condition setting step, the 
surface tension and pressure to be operated are set. In 
this case, restrict conditions are provided based on the 
shape of the three-dimensional shape before deformation, 
and a fixed limitation is charged to the shape 
deformation. By providing such restrict conditions, the 
three-dimensional shape can be deformed while affecting 
its original character. In a deformation operating step, 
the surface tension and pressure applied by parameters 
are operated upon the threedimensional shape and on the 
restrict conditions, it is deformed until a dynamically 
balanced state is achieved. Concerning objects 30-1 and 
30-2, an object 30-0 in the non- changed shape is 



deformed according to this method. 
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flKCflM!"**. ttoT. H10 (B) CDJ:e>(Ctagl$#6 

2 toitssu cflgp^ 6 4 tat e>*»a^wic3E 

[0 0 7 2] *£u WDtefefrfe^yx^ h©|*HB!JlC© 
[0 0 7 3] f yf-f^x.^ b\ZftWlz(D&$m 

■5sm&<DX\ mmmti a t&ji p g 

oTVN-2>a5#©#»-t£o tot, 06 (A) fC^f 20 
iff *Jx. 9 h X*&Z&1Sfa<DMg±W®T°lZ-&J]tfP : 3m 

JtJ^tS9ft*ai:ffiApS:^MS-ft*i:, 06 (B) (c^ 
f <fc ? t£$Ll5W.o>ft *%&)Z>W£*ifio ii:tt'tl>„ 

[0074] CTDfety^i^ s a 

[0 0 7 5] L^bMX-tf^'J 3yX*m%Zfrtt7¥ 30 
x ? h ®»^, jK U rJMC F>3?S £}f 5£T* g § t>\ Z. aym 

mm&PW£teimGkictmT°g2>. vh-d 

2>W&Z[HW£1fefe-t2>Z.£*>X*%2>o ifflfcfc*^ 
[0 0 7 6] #IJ*.tf. l83*bfeB|6 (A) J^&Skfrtt 

± 'j , *-/s?x * h <Dftmiz<Dfrm&Bin £i-z>#iM3k 

#T% Sufe^i:|BlC06 (B) ©*6SI«:fd6£i:#ffi 40 

[0077] 3©^tc, 76o^K©rtffl«ci33ges-e* 

;*y£>x ^ hcw^Ric^rejA^^Tfwiatife^^x 
[0 0 7 8] za>mz*.mi<&&iiX\t, *-7*J*9Y 

o Trait's) IfC** &J^tK&f#-S> 3 fctftttfcS. 
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zfcvxDwmmz'D^xwiwr&o 

[0 0 7 9] 01 l»CGt% ^^©^SrfflVNT^ 
-rU > 1 £©#MM?:5s b fe 7 n -v - h 07? 

[0 0 8 0] T— f'-f^Mi. 

t^i^h^fl Uf>y7"l0) , *-fVx.9Y 
£fft§S-&S*®3bb a £B.± P S:/^* - # £ LX 
*D£-rs (X-ry 72 0) . 

[0 0 8 1] ZlZ.iCfeVNT^^fe>^^x^ 

h i*, a»©*yyi ? h br i * 
[0082] * IE* p /mmwch o am&m ut? » 

^OiChX%^\ 
[0 0 8 3] ^LT, t^x^ Y<»m&*W£*Z>ifa 

[00 84] *©^, ^ - * S.t>*^^ 

[0 0 8 5] *fe»@i©?!^T?tta:v^Sl4. iffe7Sc7N° 

[0 0 8 6] ^fC*»W©^*S:ieS't*fc«>®**W5 
m&&lZM&.£teZ>*-7i?** H*«if®»»cjMI*v^ 

[0 0 8 7] j&as, *zfp*t hom&K&fc^xiZ. 

\C&-o : tT)l>*:m*>^Z> : &<£>£'t2>o 
[0 0 8 8] T-^-<Xbt4^^a-rSA"v 
!■ — $£ LT, *®58^otC*f-rsJ£*P©i:b$:fiS-r 

[0 0 8 9] S^IC, fl5E31*ft*ffiabt7oi:JEE#p0> 
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■fftfT-yisvftx.X.Ji^-ZW-DX^&t^X-X. 

So 

[0 0 9 0] 1. H-©«t^L©^Sg©^ 

iot, |gflWS«&fToT^.g>o -f&*)"£#m6{c 
(jy&jrHm,zMmtthV>X1bZ>» -£bT^ifrbfdg 

[0 0 9 1] i;TTO?.fCfiW&^? bMi, 7£<7);«£ 
[0092] S ® 58 * 

0i3 (a) tos-r^-Mc, m&tf>^B©io<D^u=r 

*HS6co^ffi-ett, «t®§Rija£lfC@5tUT^ 

So 

[0 0 9 3] HI 3 (B) {CjjVTJ:^;:, 

x. m^*>c^u z-oyxv^ytiz^iKDmrnz 

&C&S 
11] 

Fi = Uo - Ui — — 

lUo+Uil 

[0 0 9 4] i#a©7KUrr>©e 5:9 i 

(i = 0~n-l) £ UT, m^©iiHC0^l5:-^lt-rS 

[0 0 9 5] 
12] 

n-i 
i-O 

[0 0 9 6] 
D&3] 
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14 

(*)* 

1=0 

[0 0 9 7] 
10 14] 




fib i#SCD/KU=l'>©®^$:A i £-rs„ 
[0 0 9 8] Z0)mizLX. *1SSHAtC«fc»J]K^lC«< 

fjft&jj^ h;i/F t listed 5 -e^atis. 

[0 0 9 9] 
15] 

i=o 

r-^w* w* ; 7*-*£Lxffi£VfcWx* 

B©jKUdr>©®»S:Ai. hMNi, 
8«:a i£1"So (I Ni 1=1) 
30 i^BCDJtfU JMCftMB-TS;^? h;H3u »6T?*3 
tlS, 

[0 10 0] 

16] 

PAiNi 

40 ;i/Fp liffc 7 T**3*iSo 

[0 10 1] 
17] 

_^ n-i _^ 
Fp = ^(PAi Ni/oi ) 
i=0 

= Pp\(Ai-Ni/oj) 

50 J±*p(D*fCj:oT^-rS^T% iK&JCffta****'*' 
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Ztl^ h;i/Fp©^T'fe€>?gC8T'*5*l^>o 
[0 10 2] 

BS8] 

F • F t + Fp 

[0 10 3] &oT, B(fia*^^3i^ hCD^fifclRj 
tfrcS-t£So 

[0104] st»^©#&T>*#>s„ mi 4&:k* 

Ell 4 tc^-t £e>icil?;fr^ h;i/i:m^»i©5B^U 

-r\zmc$& t(D^t!^ b)V£M& 

mmnmrnxm 2 0 0 x-mz *u zvim \m 9 x*m 

[0 10 5] 

IfI-If'I 
8 

^LT, ffflBM^2 0 okS-3^, m^Kr^©^^ 
[0106] ^(cwu -a*^* h;i^ms#»©IW^ 

T^^h^F' &:£#>T*;0{Cli&£>fcV\, ^Zl 

WbfcOJCJRjfcSiirS. 
[0 10 7] £©J:5fc;b-:7^&MV*T30BltW>]H 

[0 10 8] 01 2\t. ^tCDJ-zfitx.? b<DftWlZit 

S, *mmm}i(DwmM.x\t. ±xaym^j,z^x 

v \ ±x<mgjm®imT t fen* &xmt*m7-t 
s. 

[0 10 9] Ell 2{CfcWt, NttH^RT*y, kte 

mt s tdtoom&toij t? y # X'& y , 1 ttJBofcftRfcai 
tz.TM£JDi} Vy#x&&. 

[0110] #*ssii. S0^itf©3*-^x^ h<z)#m^ 
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e>&s. 

[0111] tffiBiR*^ffi{c^-rs*T'^^fe)«ta 

Olz-^l 1 0) T'tt, 1 =NtC&6£T*«T6D#yi£ 
fTO= *-f, SHRk, 1 ©msa-fti-^^LS Ur«y^l 
2 0) &*tv\ iH^tcfet-tS-^^^ h;b©M^oiMI 

f^i2otxf^i3o ©«iaii«jiax«m^ 
10 vxmc-tmgmmmfe-zftfr t&zn$. 
[0112] -eut, *zfv*>? b^mm-z^om 
gmmz-mzn&jv-^tim Ob-^i4o) 
e>. ^b-^yiT'tt, m^i&^-M-r-s*-? (k= 

l~N) BtTCWBSI&ff-i. 

[0 113] £T> #mVktc33»-tS^^f b;b& 
SWTS U^y^l 6 0) . ^(OiSWettlteftLfcJ: 

vfio. ttt>*>mmmii<7>&j]K9hK£Lxm5, 

fctKD&jj'Vrbn't.lsX&l, iti^BtWf 
20 h;i/tUT»8&#«)S©-e*S. 

[0 114] hMOT'feSWJ, 
£ V tt^tfo y -a-o T <^S <Z)T*, m&Jit&m L V \, 

[0 115] fot, -^-^^ hMOXtt^tt* 
S^ifo^'JWTbT (O.T'Vrfl 70), ye sT'&S 

S 1 ^^>hr^yt S Uf'^16 0). no© 
30 ilgtt*f#i;^S]I,*.V k (Z)#KRl^$:^V\ m^ff 

&sig^-rs (x^>y^i 9 0) . z<DM*mtmmz 
w^i\tm^t^mmowmm\z^ »; #«?>s. 

[0 116] 2. ^ZlCOie^^tCOlUS©^ 
- Sr^^-T, x^;i/dF-®/Jvfb^Hi: LTft»TS73^ 

(cov^TUi^t-s. 

[0117] m?*Mmzim.£-£&t~Mzit, mmffj 
40 >hn-;i/-rsco^s&T?s>s„ -?-z.t% mwmtiot 

JE*ptcj;5^>^^;i/x^;i/^-$:#xSo ^®5S 
* a £j±ij P y -a-o fe«3£>&«J»i: i/ 
■v;i/x^;i/^-©^/jN^tc«^TS. ^zit*, 

mt LT#«>sf^) y tc ±iax*;b^- e om^M 

[0 118] JeAT-t©A#W'&?WIWjStCo^TSiW't 
S„ *-f^®3R*o, ffi*P(CJ:y^-y^x^ hA^o 

50 [0 119] ^®55^CiS^>^^;bX^;i/dfT-CO 
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[0 12 0] ffi^!jlCj:S3K-T->S/-V^x^;b^r-CDS^I 

«H8 (A) ©iolC^Mb'T'gS. SEoU^i 

x*;i/¥-E v&#^T*&?>*>$*Vg>= 10 
[0 1 2 1] E v = -pVo 

[0 12 2] ^©^tcf Z>)Li!r~fVx.>? Y<mr3tiS$frr 
y */ -v;bx* ;i/dr - E te, 
E = E s + E v 

[0 12 3] WCEs, E v<Z)#»COV\-»<£o 

[0 12 4] SilW-'Ef^ 
a®x^;i/^-E s £J£*T©J:-McS#>£o #H5fe0!lT* 
Sot^'xfMi ^Urf>lc<fcy^3tiTfe*;, 20 

[0125] sgi^M-Estt a-fv^v^m 

[0 12 6] 

[^1 o] 

HI 5^1" J;? JC, jKU:J>©Iffl(«:A, X 3/57*1 

0, li, l2V>2mfa*L 30 

[0 12 7] 

[mi 1] 

[0 12 8] a. SteH^AfCitWtSo 

[0129] b . s ttsjf J J yoy&tfiE 3 ^tciffv 
[0 13 0] jtfUrf><&^#^i|§glE3#^{ci£^ 

s. 

[0 13 1] 
BRl 2] 

A 

tfcmlSBa, b<D'ffiK5:ilf--rS;^LTmi 3$:fflV^^ 

[0 13 2] 
OKI 3] 
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tf'J:f><ft3I&£6DJ^$:, (xo, yo. zo) > 
(xi, yi, zi) , (x2, y2. Z2) fcU Zltl&ffi 

WC, mi 3<DS&2b*>t>-tilV&tff)&5£.1*&. 
[0 13 3] 
[mi 4] 

s= (xo-xi > 2 + (yo-yi' 2 -^ (2 0 -Z|) z 
+ (x,- x 2 > 2 + (yi- y 2 > 2 + <2, - z 2 ) 2 
-Mx 2 - xo) 2 Yof-H^- xo) 2 

Ev = -pVo 

tmznz* mwM.& (o, o, o) tio©^;^ 
[mi 5] 

Vo = £v 

fc&S. fib, aWWWU J>iC«UT«<i»C*6fc* 

£Po (xo. yo. zo) . Pi (xi, yi, zi) , P2 
(x 2 , y2. z 2 ) H-tZZ.* «Wlft*ft*fcU Po^ P 
l, P2&*j&fc'*S / <* hMi-MvtfTiPo. Pl> P2 

[0 134] 

[mi e] 

v 0 J- { p 2 x P | ) • Po 
6 

X*;i/=?-5£CDfi¥£:fr 

IB&©fiBK&M gHRAtt. x, y, z®Jffifl( 

[0 1 3 5] N = 3M 
tU #l&&Vj (j=0~M-l) Ox, y, z&W; 

Vxj> Vyj, V Z jfC*fU 

P0=V X 0* Pl = VyO^ P2=V Z 0^ 

P3j = Vxj, P3j+l = Vyj> P3j+2=V z j. - 

PN-3=V X (M-1)^ PN-2 = V y (M-l)> PN-1 = V Z (M-1) 

£?z>£Nmo)$mzt>i (i = o~N-D tm-tz. 

[0 13 6] E = f (po, PI. -» PN-l) 
E(Dmim/b£.te2>P i (i =0~N- 1) £#i?)§tC 

[mi 7] 



(11) 
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[0 13 7] 

mi s] 
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-SJL =0 

3P 0 



3| 
3P«. 



• =o 



20 



[0 14 0] #12. EOlPg, 2fg(Dtimftmt.E 
i , E i j 
[0 14 1] 
BRl 9] 



10 



[0 13 8] 

ffflBlil^Kg^*^ GRi 8) £x3.-h>&&fflv> 
[0 13 9] #JKl. Pi (i=0~N-l) KlfcflHffl* 



Ei = 



3E 



BR2 0] 



Eij 



a*E 



#W3 

[0 14 2] 
BR 2 l] 



9Pj3Pi 

&5££8¥£, AP i (i = 0- 



-N-l) (DM* 



Eo.o --- E o,i -— E 0,N-l 

• : 1 
, ■ i 

* : 

■ • i 

E j,o -" E i,i — E j,M-i 

■ J l 

i : 

E N-i,o--- E m,i-- e n-i.n-i 



aP« 



aPw-i 



E fl 



E N-I 

\ > 



#-«H4 . SR2lCDpi£pi+Api t'S§M5. 
[0 14 3] #115. | A p i | ©ffi#-H*/h£<&£ 

[0 14 4] fcfc, #lW2{CfcwrE©iPi, 2|5gtf)fS 

E = E s+EviU 
BR 2 2] 

_£E_ _ 3Es 3Ei 

apj a Pi a Pi 

BR2 3] 

a 2 e = a'Es + a 2 Ev 
aPjapj ^Pj^Pj apj apj 

Es, E vitmi&<D%.mz£Z> : b<D*m}-t2>o 
[0 1 4 5] ffej * & # 

[oi4 6] itrsaftjtefeffflo^fcT^yx^ h&as^ 



[0 14 7] fil. H^§m®feai5:fi 

12 1 <D&m<Dmv&z> 

30 BR2 4] 

S>E 

api 

^'T*. ^©flSMSS (Pi* Pj^ 
Pk) fc-tsfc, Tme>s<?b)i 
[12 5] 

/ ajE _2f_ SE \ 

\ apj ' apj ' ap k ' 

n*©T?, ItftB^^ h;i/#]H,6©Mffl©=&d<U J>CD* 

[0 14 8] #11112. liflfffiftfe&tf^x* hS:flteR"t 
50 ■f©m*S:HS't6fc«)K:»2HC#EiES:3flnA 
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-5>„ Z.Z.X'lt. ]R6 (p x > Py> Pz) &EJ£t-£3§& 
[0 14 9] sKOfUSEfCOWtl*. Mx.l£fcO&5lZfi 
BR 2 6] 

S»;N-3fflfflS^6Ap x , Ap y< Ap 

z , ©^sb****. 

[0150] -r^*)*.^2 i ©^iatco^TfiTta^ 

[0 15 1] E x =E y =E z =0 

[0 15 2] E xx =E yy =E zz =l 
Eyz = E Z x = Exy = E zy = Exz= E yx = 0 
Exi = Eyi=E z i=Ei x =Eiy=Ei z =0 

(i=0~N — 1, i*x, y, z) 
HI 6li£©^&ee*Lfc*>©T»*. 

[0 15 3] Jt7V3LV Y(Dmk&m^1SVZ> j fo 

[0154] z.^x.^iz— 3.-byfe*m^T3B&&a> 

[0 15 5] 01 7l£, %£©*:/^x? h©|*HR!ltCte 

= i ~m) tm*&mz «fc y Hj£s*iT:B«&m#fc < * 

p i (i = l~N, N = 3M) (CO^T I Ap i | COfg 

[oi5 6] eh 7(c^vnt, Mi*ia*!«re«>y, n« 
^ 1- -s feftom©* ? > * t-& y , i tt#tefe&mcf& 

ili^mox, y, zaSRlcMjS-tSp i (1 = 
0~N-1, N=3M) ICJS^S&a.^T'&y, J«P 
i OD^K* I A p i | V»J: i 

[0 15 7] Z<D#mi^ W&ftitt-fVz-V bCD&IM. 

£T© I Ap i | <Z>ffi#-t-£/h3<fc-6*T? (j =N{C 
tfo)\s-7Wm 1 0) T?flftR3*i 

[0158] ttraa^-x^a (;i/-^2 1 o> », 3BR 
j, i©«wwbS:«e»«ai 225) 
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ttiuti-t&jtsm 01/-X230) 

X^&frZS&Wfct&jm. Uf7^2 4 0) ft 
#SbS#ya (^f*^2 5 0) buSBM^M*, £- 
mZfioWm (W2 7 0) T»flWlS4x-C^S 0 

[0159] mut^y^ h £*&&ts£ms>^ 
Hjesn*ms:ttffi"t-««ai (W230) -ei*, 

10 £MC#LWT©#®£fTe> 0 Sfe-f, *mVk«» 
0) . 

[0 16 0] tfy^x* h£«J&-f5-f^T©m&lCO 
3 20). 

[0 16 1] ^^ft&ifebt-a- h>^:«k U# 
fe?^M<Dfm3MWzm'3g. -=l- b ymz& y 

^ Api 0D<fil£;£#)-g>„ 
[0 16 2] ^m^^t&^TO^SI 01/-X2 7 0) 

30 [0 163] *f, I Api I ©ffi#-t#/J>£V^i;*e> 

ijVyYrv?** Uf>vy3 5 0)„ #CfC, pi& 
p i+Ap iKLMSftS (X-5^^^3 6 0) . 

[0164] *«wt±, ±ia«>^as«T?»9ibfe 

[0 16 5] ^-^'^x^ h©^ ; E7->tCiSffl't^® 

\zw-o*-?vx.>7 b<mwmxmmm<Dmmzi}^ 

[0 16 6] fi^-r-SA"^^-^^ *-f*Jx.>7 

0) , jtssftii^L/V^-r, jt®flret)j:v^u f?rn**- 

[0 16 7] J^feffOKje^SsJCov^fe * 

50 ^i/x^ h^tC^UT-^^^i^-TSZl^feT' 
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[0 16 8] t^LfcSOBSJWmi, jKU:J> 

[oi6 9] *mxz>3fcji3mm2 
mk*mtfrz7u?^i±*mbmK-\:v^Tv>mk io 

[0 17 0] *feH«^«fC3fc»W©3*7a^B^* 
[0 17 1] $^tcSff|B^ny^ACD^ny^A=i-K 

&cd> 7ny^-^^^fs®aa«K»fciaiis-&s 20 

[0 17 2] *HMB®#aK:j:»J3e^Ufc3^7C 

^©waxttawB 3 ikjw^zm-iis'mz titcw®. 

H^^S<Dffi^B'|i^«s, Xt*B«, l^r 
CD, 7D>vt°-^X^^©|Bli^WCfB«$ 

m¥<Dmm^mmvmmz^m<D3rk7i3mm 
mmzm^^znt=mm*'m.-tz> z. t ttmm 

£ D 30 
[0 17 3] j£UhSWBLfc*«WliS«KM. M 

fmm<nK-vy3LTmm-mzttmx2bz>. mm 

IZTF^-mBSfSMMltC PUIOOO, ROM 100 

2, ram 1004, fmmwm l 0 0 6, 

IC1 008, BiMlClOlO, I/O/K-hl 
0 12, 10 14 ^i/X-r-A/N'X 1 0 1 6 UffiSlC 

^-^jsafB^rffifcisttatiTv^. -eLTiuflBiwsi-s- 

« I C 1 0 1 0 (Cfif-f X-ZU^f 1 0 1 8 ^^tu 40 
IWffgf/*^/* I C 1 0 0 8 (Cte* 1 0 2 0 tf&ft 

s*u i/ojK-m 0 1 2tcttn>hD-;i/iSSi 0 
2 2 jtraewstu 1 /o#- hi 0 1 4 iciiilfg^tt 1 

0 2 4A^e3*VT^So 

[0 17 4] iiutatifBIBIS^tt 1 0 0 6(1 CD-RO 
M, ^f-AROM, *^U#-K«©H^J«K«## 

eiCjE C*^®(S«S:#t!ii*ffi#-r 5 ^ t COT*£ 5 
>^ffl^e>*Vg>. £7~, ttflBROMl 0 0 2l±. B 
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[0 17 5] Bo|Br3>hD-;i4Sgl 0 2 2l±, mm 

[0 17 6] -g-LT, iufB#^gSl»M 0 0 6^RO 
M 1 0 0 2{C*SJfiStlS#S^n y^h&l/Tcrb&Vt 

^AXttStriBn>hn-;i^Si 0 2 2tcioTA* 

$4x^>{§-^tC^oT, grflBCPU 1 0 0 Ol*Bftt&j£ 

0 04{i^©cpui o o oa^mm.t.hxm^'bn 
sia»Me»y, BtfiB«$giBii^^i o o e^ttfSBR 

OM1 0 0 2CDM£®W§> fe£WiCPU 1 0 0 0<Z> 

[0177] $e>ic, z. (Dm<nwm&mffiizit : gjs& 

^IC1 008 fcWflfr&fifcl C 10 10 nimvbtvz 

{, \x : &pt 3 t>w»<?>imtiimijiffi%.&* o k& o x ^ 

€>o mflB^^ I C 1 0 0 8 tt-WfgSB'IS^^ 10 0 6 
^ROMIOO 2»CBB«Stl6fl»8lcaS^V>T%W»f> 

1 0 2 OlCfcoTttfcftSftS. f3aEHtt$J$ 

1 C 1 0 1 0SRAM1 0 0 4, ROM1 0 0 2, ff?8 

mam i o o e^&jai&tisHflMiiswcs-j^T-r 

[0178] sffssiM^* 1024 \$mm.-&f$m 
mftBxmmznz&mtDffimitft-Bt'p »; £ »j -r* *> 

[0 17 9] KA±^bfe-JK^H#^^S5:fflv> 

t%*58w® 3 ?k7ffiym&i3mz^Mizmm*smx$> 

Z>„ «*.«. *^©3^?y^C^^5:^|5S^^ 
n^Afe^&SBWKttl 0 0 6fI2i$iiTj3<^t 
T% CPU 1 0 0 O^liB^n^A^RAM 10 0 4 

[0180] wm^^kj^mm^^t 

iiiMic loioiaot, fesnttc 
pui ooo^jfT^av^h^yfcjcoTlgaisn 

[0 18 1] *7c, #|8W©3#C7BBtt39£^fC«fc»J 

mmmm Kfia-iK^iE^^ie©iB'iw^i 

0 0 6^, ^ttBflteriU&y 1 -* il bTiB«$-l±T*5< 

[0182] $ e>Mc#§H£©#^tt, a«^fi!tewtc=b 

[0 18 3] 
[0®CDfS#^m^] 



(14) 
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